Clonorchis sinensis-a fluke dwelling on the intrahepatic bile ducts causes 24 clonorchiasis. During C. sinensis infection, worm-host interaction results in activation 25 of PRRs and further triggers immune responses which determine the outcome of 26 infection. However, the mechanisms by which pathogen-associated molecules 27 patterns from C. sinensis interacted with TLRs were poorly understood. In the present 28 study, we identified a ~34 kDa lipoprotein CsHscB from C. sinensis which physically 29 bound with TLR2. We also found that recombinant CsHscB (rCsHscB) potently 30 activated macrophage to express various proteins including TLR2, CD80, MHCII, 31 and cytokines like IL-6, TNF-α, and IL-10 in a TLR2-dependent manner but rCsHscB 32 failed to induce IL-10 in macrophages from Tlr2 -/mice. Moreover, ERK1/2 33 activation was required for rCsHscB-induced IL-10 production in macrophages. In 34 vivo study revealed that rCsHscB triggered a high induction of IL-10 in the wild-type 35 (WT) but not in Tlr2 -/mice. Our data thus demonstrate that rCsHscB from C. sinensis 36 is an unidentified TLR2 agonist with immune regulatory activities, and may have 37 some therapeutic implications in future beyond parasitology. 38 MAPK 40 41 42 43 44 3 45 66 4 or diacylated lipoproteins, respectively and thereby activate signal transduction 67 cascades to result in the expression of pro-inflammatory or anti-inflammatory 68 mediator genes [5-7]. So far several TLR2 ligands from S. mansoni, 69 Wolbachia-endosymbiotic bacteria of Brugia malayi have been identified and 70 demonstrated as potent immune regulators to determine the polarization of immune 71 and even the outcome of helminth infection. For example, lysophosphatidylserine 72 (Lyso-PS) from S. mansoni bound with TLR2 on dendritic cells allows DC to train 73 IL-10 producing Tregs, which enables the long term survival of the parasite, as well as 74 ameliorates of immunopathogenesis due to polarized type 2 immune responses [8]. 75 Diacyl WoLP sourced from Wolbachia induces dendritic cell maturation and 76 activation as well as drives CD4 T cell polarization and antibody switching in a 77 TLR2-dependent manner [9]. 78 Clonorchiasis caused by Clonorchis sinensis remains a major parasitic disease in 79 eastern Asia such as China, Korea, Vietnam and eastern Rusia [10]. There are 80 approximately 15 million people infected worldwide whereas 12.5 million people are 81 distributed in China, posing a severe public health issue in these regions. The adult 82 worms dwelling on the intrahepatic bile duct cause cholelithiasis, cholangitis, 83 cholecystitis, biliary fibrosis and even cirrhosis due to its long-term survival. 84 Additionally, chronic infection with this fluke has been shown to cause 85 cholangiocarcinoma (CCA) and C. sinensis is now defined as Group 1 human 86 biological agents (carcinogens) by International Agency of Research on Cancer 87
The Ab to the rCsHscB protein was generated in rabbits that were maintained in the 138 animal house facility of Xuzhou Medical University. In brief, rabbits were immunized 139 with around 10 μg of rCsHscB in IFA. Two booster doses in IFA were injected in 15 140 days interval. After measuring the rCsHscB-specific Ab titer by ELISA, animals were 141 sacrificed at day 45 to collect and separate sera. The poly-antibody against rCsHscB 142 was purified by metal affinity chromatography. In an immunoblot, the Ab raised 143 against the rCsHscB protein specifically recognized single band of ~36 kDa. 5% CO 2 at 37℃. RAW264.7 cells were stimulated by rCsHscB (5~20 μg/ml) for 6 h, 157 12 h and 24 h. Supernatants were collected for assessing the concentrations of 158 cytokines using ELISA. For TLR2 blocking assay, RAW 264.7 cells were pretreated 159 with MAb-mTLR2 (2 µg/ml) or isotype (Invivogen, US) for 2 h. The cells were then 160 stimulated by rCsHscB (20 μg/ml) or Pam 3 CSK 4 (200 ng/ml) (Invivogen, US) for 24 161 h in a humidified atmosphere with 5% CO 2 at 37 ℃. The supernatants and cultured 162 cells were collected for flow cytometry assays for ELISA, respectively. China) in a humidified atmosphere with 5% CO 2 at 37℃. Thereafter, BMDMs were 169 stimulated by rCsHscB (5~40 μg/ml) or production of E. coli transfected by pET-28 170 control vectors for 24h and supernatants were obtained for determining the 171 concentration of IL-10 using ELISA. For ERK1/2 inhibitor assay, PD98059 (1 µM) 172 (Sigama, US) was pre-incubated with cells for 2 h, BMDMs from WT or Tlr2-/-mice 173 were stimulated by rCsHscB (20 μg/ml) or Pam 3 CSK 4 (200 ng/ml) (Invivogen, US) 174 and supernatants were used for ELISA. 
Statistical analysis 218
All data were expressed as the mean ± standard error of the means (SEM). One-way 219 ANOVA was used to analyze the significance of the differences between groups, DOLOP, lipoP and Lipo database as previously described [9] . We ultimately identified 233 a lipoprotein named molecular chaperone HscB (CsHscB), which had 283 amino 234 acids with three domains as followed: DnaJ, Co-chaperone HscB (COHscB) and 
245
However, it was very difficult to isolate and purify CsHscB directly from the worms 246 due to lack of the sufficient background information as well as the low yield. We 247 therefore used a recombinant CsHscB (rCsHscB) that was routinely expressed by E. 248 coli (Ec). rCsHscB was purified by nickel-affinity and ion-exchange chromatography, 249 and the purified rCsHscB was assessed by western-blot ( Fig 1D) . The molecular 250 weight of rCsHscB including a 6×his tag was approximate 36 kDa ( Fig 1D) . 251 Furthermore, we prepared the specific rCsHscB antibody to examine the expression 252 and distribution of CsHscB in worm body using immunohistochemistry (IHC). IHC 253 data showed that CsHscB mainly expressed on the oral sucker (OS), genital pore (GP), 254 vitelline gland (VF), ovary (OV), testis (TT) and eggs (EG) ( Fig. 1E ). It could be 255 detected by the sera from C. sinensis-infected mice as well as C. sinensis crude 256 antigen-immunized mice, suggesting that rCsHscB was recognized by pool of 257 antibodies induced by C. sinensis and crude antigen as well. It is also suggested that 258 CsHscB naturally existing in C. sinensis-infection mice and worm's crude antigens 259 can trigger host immune responses ( Fig. S 1) .
rCsHscB induces the activation of macrophage and cytokine production 261
To test whether rCsHscB has the capacity to induce the activation of innate immune 262 cells or not, we used a macrophage cell line-RAW 264.7 that were stimulated by 263 various concentrations of rCsHscB at different time-points. Firstly, we test toxicity of 264 13 rCsHscB to macrophages, lactate dehydrogenase (LDH) test showed that up to 20 µg 265 /ml of rCsHscB protein displayed no cellular toxicity against macrophages (the data is 266 not shown). Furthermore, endotoxin (LPS) in the purified rCsHscB was removed by markers such as TLR2, CD80, CD86, MHCII, CD206 and CD11b (Fig. 2A~F ). We 275 also detected these cytokines with various concentrations (5~20 μg/ml) of rCsHscB at 276 different time courses, it was shown that macrophages stimulated by 5~20 μg/ml 277 rCsHscB for 12 h produced high levels of TNF-α ( Fig. 2G ). In addition, rCsHscB 278 with the concentration of 5~10 μg/ml but not 20 μg/ml for 24 h still induced a robust 279 secretion of TNF-α produced by macrophage (~3 times greater than 280 DMEM-stimulated cells, Fig. 2G ). The cells also produced high levels of IL-6 under 281 the stimulation with 5~20 μg/ml rCsHscB for 12 h or 24 h, compared with 282 medium-stimulated cells (Fig. 2H, P<0.05) . With regard to IL-10, cells stimulated 283 with 5~20 μg/ml rCsHscB for 12 h or 24 h could produce a robust increase of IL-10, 284 of note, the secretion of IL-10 in macrophage stimulated by 20 μg/ml rCsHscB for 24 285 h was more than 10 times greater than that of DMEM-stimulated cells (Fig. 2I) . We 286 14 also tested the levels of IL-4 and IL-12 produced by rCsHscB-stimulated macrophage, 287 but the data showed that the macrophage stimulated by rCsHscB didn't increase the 288 production of IL-4 and IL-12 (the data is not shown).
289
To exclude any potential effects of endotoxin and other potential component produced Fig. S2B ). However, it seems that the cells that were stimulated by the 295 production expressed by control vector also secreted a higher level of IL-6, compared 296 with DMEM stimulated cells, although the level of IL-6 was still lower than that of 297 pET-28a-CsHscB-induced cells, suggesting that the increased secretion of IL-6 may 298 be not exclusively induced by rCsHscB ( Fig. S2C ). Together, these data demonstrate 299 that rCsHscB induces the activation of macrophage and triggers a robust cytokines 300 production by the macrophage. As the lipoproteins or lipopeptides have been reported as TLR2 agonist or ligand [18], 306 we next test whether rCsHscB as an agonist for TLR2 to promote the activation of 307 macrophage or not. Firstly, we performed in silico molecular docking using the crystal 308 15 structure of the extracellular domain (ECD) of mouse TLR2 and modeled 3D 309 structure of rCsHscB by homology modeling. Molecular docking showed that 310 CsHscB could bind with TLR2 at its leucine-rich region (LRR) 11~15 sites of ECD 311 (Fig. 3A) . To further ascertain whether rCsHscB physically interacts with the TLR2 312 molecule or not, we performed a pull-down assay using whole-cell extracts from 
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To test whether rCsHscB induced the cytokines production is dependent on TLR2 or 324 not, TLR2 was blocked by pretreating RAW 264.7 cells with anti-TLR2 antibody 325 (T2.5) for 2 h prior to the addition of rCsHscB. The secretion of IL-6 and IL-10 326 induced by rCsHscB were almost abrogated following the addition of TLR2 blocking 327 antibodies to the medium (Fig. 3D and Fig. 3E) . Similarly, rCsHscB-induced TNF-α 328 was also significantly abolished due to the presence of the TLR2 blocking antibody 329 (Fig. 3F) . [17, [20] [21] [22] , which highlight the significance of rCsHscB induced a 337 strong IL-10 production in macrophage in our study, it is necessary to further study 338 the mechanisms that IL-10 induced by rCsHscB. For this sense, to determine which 339 downstream molecules mediated by TLR2 are responsible to robust rCsHscB-induced 340 IL-10 production by macrophage, we screened the activation of transcription factors 341 nuclear factor-κB (NF-κB), p38 mitogen-activated protein kinase and ERK1/2 in 342 RAW264.7 cells using optimal concentrations (20 μg/ml) of rCsHscB during various 343 time courses, western blot showed that rCsHscB induced a robust phosphorylation of 344 ERK1/2 after 20~30 min and then the levels of phosphorylation of ERK1/2 was 345 attenuated during 60 min~120 min following stimulation with rCsHscB ( Fig. 4A ).
346 Surprisingly, there was no obviously activation of NF-κB nor p38 during these time 347 courses. Furthermore, we also examined whether the rCsHscB-induced 348 phosphorylation of ERK1/2 was mediated by TLR2 signaling. RAW264.7 cells were 349 pretreated with blocking antibodies of TLR2 or with isotype control and 350 phosphorylation of ERK1/2 was measured by western blot. Western blot showed 351 that phosphorylation of ERK1 but not ERK2 was solely abolished following the 352 addition of TLR2 blocking antibodies to the cultures, compared with isotype-matched 353 control. Furthermore, we used a specific inhibitor for ERK1/2 (PD98059) to examine 354 whether rCsHscB-induced cytokines was mediated by ERK signaling pathway or not. 355 The RAW264.7 cells were pretreated with 10 µM PD98059 for 2 h, and then 356 stimulated by 20 µg/ml rCsHscB for 24 h, the supernatants were collected for IL-10 357 detection. The data showed that the level of IL-10 was significantly decreased when 358 ERK1/2 was inhibited by PD98059 in macrophage that was stimulated by rCsHscB 359 for 24 h (Fig. 4C, P<0.001, ~50% decreased) . Tlr2 wild type and Tlr2 -/mice. Similar to our previous data, rCsHscB could potently 367 induced a strong TLR2 expression on the surface of BMDM sourced from wild type 368 mice (Fig. 5A, almost 2 fold changes) and the levels of IL-10 were significantly 369 increased when BMDM cells from Tlr2 wild-type mice were stimulated at various 370 concentration of rCsHscB (5~40 μg/ml), compared with medium or the production of 371 E. coli transfected by empty vector (Fig. 5B, P<0.001) . Furthermore, the production 372 of IL-10 reached peak at the concentration of 20 μg/ml (almost 6 times increase).
373
However, rCsHscB-induced IL-10 production in BMDM from TLR2 knockout mice 374 18 was nearly abrogated (Fig. 5C ).
376
To verify whether rCsHscB-induced IL-10 production was depended on TLR2 377 mediated ERK1/2 signaling pathway, we used an inhibitor of ERK1/2 pretreated 378 BMDM cells sourced from TLR2 wild type and TLR2 knockout mice and then 379 stimulated by 20μg/ml rCsHscB for 24 h, IL-10 production in the culture were 380 detected using ELISA. Again, the secretion of IL-10 in BMDM cells from TLR2 381 knockout mice was almost abolished when BMDM cells were stimulated by rCsHscB 382 for 24 h (Fig. 5C ). For TLR2 wild type BMDM cells, it showed that there was a 383 significant decrease of IL-10 production in the BMDM cells with pretreatment of 384 PD98059, compared with the cells pretreated by DMSO (the vehicle for PD98059).
385
Furthermore, the data also demonstrated that the production of IL-10 was remarkably To test whether rCsHscB could induce IL-10 production mediated by TLR2/ERK1/2 395 signaling pathway in vivo or not, the mice with or without Tlr2 were both received 396 19 rCsHscB (5 mg /kg body weight) or PBS by i. v. for 24 h, the levels of IL-10 in the 397 hepatic homogenate were determined. The data showed that rCsHscB induced a 398 higher level of IL-10 in the liver of mice, compared with the PBS group (Fig. 6A,   399 P<0.01). However, IL-10 production in the liver from Tlr2 -/mice were significantly 400 lower than those in wild type mice when they were both received with the same dose 401 of rCsHscB (Fig. 5D, P<0.01) , but there was no any statistic difference in IL-10 in 402 supernatant of hepatic homogenate in rCsHscB Tlr2 -/mice and those from PBS 403 treated Tlr2 -/mice (Fig. 5D, P>0.05 ), suggesting that rCsHscB also induced IL-10 404 production in a TLR2 dependent manner in vivo. Furthermore, we also found that the 405 phosphorylation of ERK1/2 in livers of Tlr2 -/mice was also attenuated, compared 406 with Tlr2 wild type mice following administration of the same dose of rCsHscB ( Fig.   407 5E). Collectively, these data demonstrated that rCsHscB could induce IL-10 408 production mediated by TLR2/ERK1/2 signaling pathway in vivo. [23], schistosomal lyso-PS [8] and filarial Diacyl WoLP [9] . Thus, to identify the 420 potential TLR2 agonist soured from C. sinensis, we screened the C. sinensis proteome 421 data and predicted the potential lipoproteins using bioinformatic analysis. A 422 lipoprotein from the family Co-chaperone Hsc20 (CsHscB) was ultimately selected 423 for further study. However, it is very difficult to purify CsHscB directly from the 424 worms due to lack of sufficient the background information as well as the low yield. 425 We therefore used a recombinant CsHscB by E. coli, which was also recognized by 426 sera of C. sinensis infect-mice, suggesting that rCsHscB remains the immunogenicity 427 of C. sinensis rCsHscB. It was found that rCsHscB with the concentration of 5~20 428 µg/ml could induce a strong production of IL-10 by macrophage in a dose-dependent 429 manner. Similarly, it have been also demonstrated that recombinant PPE18 from M. 430 tuberculosis or Pam 3 CSK 4 known as the TLR2 ligands also trigger the activation of 431 macrophages and production of IL-10 in a dosed manner by specifical interaction with 432 TLR2 [24, 25] . Therefore, 20 µg/ml of rCsHscB was used as the optimized 433 concentration for further study.
434
Pull-down assay is a useful approach to verify the protein-protein interaction in study, we found that phosphorylated ERK but not p38 was activated in the responses 463 to the stimulation of rCsHscB for 20~30 min. Furthermore, the phosphorylated 464 ERK1/2 was inhibited when the cells were pretreated by TLR2 blocking antibodies 465 whereby the production of IL-10 was almost impaired, which suggest that the 466 activation of ERK induced by rCsHscB in macrophage is mediated by TLR2.
467
Interesting, although the production of IL-10 in rCsHscB induced cells was 468 significantly decreased when the cells were pretreated by PD98059, these amounts 469 were still higher than DMEM controls. To confirm these data, we also used another 470 macrophage model-bone marrow-derived macrophage isolated from TLR2 wild and 471 TLR2 knockout mice. Similar to our previous observation, the BMDM from TLR2 472 knockout mice impaired the secretion of IL-10 using the same amount of rCsHscB for 473 stimulation, compared with those from Tlr2 -/mice, but IL-10 secreted by 474 rCsHscB-induced macrophages from TLR2 wild type mice were partial depressed 475 when ERK1/2 inhibitor were pretreated. These data suggested that, in addition to 476 ERK, other signaling pathways may be also involved in TLR2-dependent the 477 production of IL-10 in macrophage-induced by rCsHscB. In addition, we also found 478 that rCsHscB could induced the production of IL-10 via TLR2/ERK signaling 479 pathway in mice following intraperitoneal injection with rCsHscB 5 mg/kg body 480 weigh for 24 h, although there was limitation that the concentration of rCsHscB used 481 the study might be not associated with real C .sinensis infection. To exclude any 482 potential other effects of rCsHscB, we employed bull serum albumin (BSA) as a 483 control for in vivo study, the data showed that BSA had little effects on the production 484 23 of IL-10 as well as the activation of p-ERK in vivo (the data is not shown), which 485 demonstrated rCsHscB could specially induce high level of IL-10 both in vivo and in 486 vitro. 487 In conclusion, in the present study, we identified CsHscB sourced from C. 488 sinensis acting as a novel TLR2 agonist to induce potently activation of macrophage, 489 our study also demonstrates that a robust IL-10 production by rCsHscB-induced 490 macrophage is dependent by TLR2-mediated ERK1/2 signaling pathway, which may 491 reveal a novel mechanism for host-parasites recognition during C. sinensis infection.
492
The present study will contribute to a better understanding of the interaction between 493 the worms and host cells. In addition, rCsHscB might be suggested in the 494 development of novel therapeutic strategies with implications beyond parasitology 495 due to its potential regulatory capacities of immune responses. 
Figure legends

